The second national application of environmental effects monitoring (EEM) in Canada will be under the amended Metal Mining Effluent Regulations (MMER). Under the EEM program, sublethal toxicity testing will be included in a suite of complementary tools to assess whether fish populations, fish habitat, and use of the fisheries resource, are protected in water bodies receiving mining effluent. The rationale for including sublethal toxicity tests was provided by an extensive literature review during the Aquatic Effects Technology Evaluation (AETE) program that showed 84% agreement between sublethal toxicity test results and observed impacts on receiving water. In addition, laboratory testing during the AETE program identified tests which would be the most cost effective and efficient in assessing mining effluent toxicity. Based on the findings of the AETE program, the multistakeholder EEM Metal Mining Working Group and its Toxicology Subgroup selected tests on fish, invertebrates, algae and an aquatic plant species, and developed consensus recommendations on the minimum requirements for sublethal toxicity testing and technical guidance on how to implement the recommended monitoring. The rationale for method selection and application of test results, and general testing requirements are discussed.
Introduction
The second national application of environmental effects monitoring (EEM) in Canada will be under the amended Metal Mining Effluent Regulations (MMER) and will assess whether fish populations, fish habitat, and use of the fisheries resource, are protected in water bodies receiving mining effluent. Results from EEM studies will be interpreted using a "weight-of-evidence" approach that involves a suite of complementary tools such as sublethal toxicity testing and chemical analyses of effluent, receiving water, sediment, and tissues, in addition to benthic invertebrate community and fish population surveys. This paper will focus on the sublethal toxicity testing component of the EEM program and will discuss selection of test methods and data requirements within the program framework.
Rationale for Sublethal Toxicity Testing
With acceptance by Environment Canada of the recommendations outlined in the final report of the Aquatic Effects of Mining (AQUAMIN) program, there was a need to develop a metal mining EEM program as a component of an amended Metal Mining Effluent Regulation. In early 1997, the multistakeholder EEM Metal Mining Working Group established the Toxicology Subgroup with a mandate to provide consensus recommendations on the minimum requirements for sublethal toxicity testing and technical guidance on how to implement the recommended monitoring. The sublethal toxicity data and information considered by the Toxicity Subgroup were largely derived from a key literature review and laboratory testing completed as part of the Aquatic Effects Technology Evaluation (AETE) program. The AETE program considered available testing and monitoring tools for measuring the impact of Canadian mining operations on the aquatic environment. Its mandate complemented AQUAMIN in the identification of affordable, effective tools to determine and characterize the impacts of mining operations on receiving waters.
To address the questions of ecological relevance of laboratory-based toxicity methods and the relationship between laboratory-based toxicity results and effects in the receiving environment, the AETE program hired an independent reviewer, Dr. J.B. Sprague, who reviewed the available published and grey literature and made recommendations. Dr. Sprague reviewed 63 that compared results of sublethal effluent tests and effects in the aquatic communities receiving the effluents. Of these, there were 53 cases of agreement and 10 cases of disagreement, for an overall 84% rate of agreement (Sprague 1997) .
Dr. Sprague also compared thirteen tests using an evaluation scheme which considered availability of standardized freshwater test methodologies, ecological relevance, technical procedures, and cost considerations. Of these, ecological relevance was considered the single most important criterion (weighted 40% of total score). Subsequently, four tests were screened out from further consideration. They were: SOS Chromotest ® , fathead minnow teratogenicity, mixed function oxidases (MFO) induction in trout liver and metallothionein in trout liver. The remaining nine tests (Mutatox ® , Microtox Chronic ® , macrophtye growth inhibition using Lemna minor, algal growth inhibition using Selenastrum capricornutum, multispecies algal growth, nematode survival and growth, daphnia survival and reproduction using Ceriodaphnia dubia, survival and growth using fathead minnow, and rainbow trout embryo development) were recommended for further testing and field validation. In early and late 1996, two effluent testing programs were completed to assess these nine tests. Sixteen effluents representing different mine types were sampled and used to compare the sublethal tests (BAR 1997) . Based on the results of this testing program, only four short-listed tests were considered for further assessment. A summary of the results obtained during the AETE program for the short-listed sublethal tests used to assess the toxicity of min-ing effluents from ten different mining locations across Canada is presented in Table 1 . Of the 24 effluents collected from ten mining locations for testing using the suite of sublethal toxicity tests, the Lemna growth inhibition test provided the most sensitive response on ten occasions. Selenastrum growth inhibition was the most responsive test on eight occasions while the Ceriodaphnia reproduction inhibition test proved to be the most sensitive on six occasions. The fathead minnow growth test, although responsive in some cases, did not register a most sensitive response for any of the effluents tested during the AETE program.
In the last year of the AETE program, effluent for sublethal toxicity testing was collected from three mine sites (Dome, Myra Falls and Heath Steele) on three separate occasions during the 1997 field survey (Beak 1998). Samples were tested using the selected sublethal tests (fathead minnow, Selenastrum, Lemna, Ceriodaphnia) . One of the questions to be examined was whether there was a link between effluent sublethal toxicity test results and in-stream biological (fish or benthos) responses. However, it could only be statistically tested at one site (Heath Steele) and qualitatively assessed at Dome and Myra Falls due to the study design problems. In general, all toxicity tests were correlated with a biological response at a mine site (Table 2) . Fathead minnows proved the least effective at "predicting" in-stream effects, which is consistent with the fact that they were demonstrated to be the least sensitive species to mine effluent toxicity. However, some observations are noteworthy:
• toxicity in fathead minnows was observed at concentrations in the receiving environment where fish catch-per-unit-effort (CPUE) and biomass-per-unit-effort (BPUE) were affected; • the threshold for growth impairment in fathead minnow exposed to Dome effluent occurred at concentrations greater than those found downstream under conditions of effluent discharge. This is consistent with the observation that growth is not impaired in yellow perch or pearl dace downstream of Dome; • benthic community effects occurred at Dome, Myra Falls and Heath Steele at effluent exposure concentrations consistent with sublethal and/or lethal effects in the Ceriodaphnia tests; and • plant tests were consistent with effects observed in biological communities in the receiving environment at all sites.
The qualitative study results for Dome and Myra Falls, and the approach used to determine statistical correlation at Heath Steele, suggest that sublethal toxicity tests conducted on samples of effluent are useful tools for predicting biological effects in the receiving environment. The statistical methods and study design parameters used to test this relationship are in themselves useful for providing further weight-of-evidence that contaminants in the system are responsible for a particular response. A major conclusion of the AETE program was that all four remaining sublethal toxicity tests could detect an effect in mine effluent and the tests demonstrated sensitivity, commercial availability, standardized protocols and were ecologically relevant (ESG 1999). (IC25) reproduction (IC25) growth ( 
Acceptable Uses of Sublethal Toxicity Data
Consensus was reached by members of the Toxicology Subgroup on three potential uses for data from sublethal toxicity testing within the EEM program.
1. to estimate the potential for receiving water impacts by calculating the geographic extent of the sublethal response using the results from toxicity tests conducted on mine effluent and the dilution characteristics of the receiving water; 2. to measure changes in effluent quality over time as a result of changes in mining or milling processes, water treatment, site runoff management practices, or acid rock drainage mitigative measures; and 3. to estimate, in multiple contaminant release situations, the relative contributions of mine effluent releases and other anthropogenic and/or natural sources to observed effects seen in exposed biota in the same receiving water.
Members of the multistakeholder EEM Metal Mining Working Group also accepted these potential uses as applicable in the context of mine effluent monitoring within an EEM program.
Sublethal Testing Requirements Test Selection
Based on the recommendations of the Toxicology Subgroup, the following tests were included in the suite of required EEM toxicity tests: (1) a fish early-life-stage development test; (2) an invertebrate reproduction inhibition test; (3) an algal growth inhibition test; and (4) an aquatic macrophyte growth inhibition test (for mines that discharge to a freshwater environment).
Specific test choices are outlined in Table 3 and depend on whether the receiving water is fresh or estuarine/marine. Additionally, there is one specific condition for selection of a freshwater fish test. For locations west of the Rocky Mountains, where fathead minnows are not native, rainbow trout must be used according to EC (1998) .
In addition to test selection, the Toxicology Subgroup defined specific data quality and reporting requirements and produced technical guidance to provide advice for implementing the specific recommendations discussed below.
Data Quality Assurance
Regardless of the final use of results from sublethal toxicity tests, the staff at a regulated facility should first ensure that their testing laboratory has generated valid data and that the report contains all the required information on quality assurance. Procedures for quality assurance and quality control (QA/QC) must be followed by both the field crews collecting samples and the laboratory carrying out the testing, as discussed in the requirements for EEM, in a technical guidance document for the metal mining sector (EC 2002) , and in the relevant methods documents for the toxicity tests. These measures optimize data validity and precision within the limits of the test method and natural biological variability.
Problems with QA/QC can lead to rejection of the test results and the need to collect and test a new sample. The mining EEM technical guidance document (EC 2002) recommends a number of specific QA/QC practices, including the following:
• Asublethal test must be repeated on a new sample if it fails to meet the validity criteria outlined in the test method.
• Asample of effluent must be tested within three days of collection.
• Reporting must meet the minimum level required by the test method.
• Reporting of "less than" values as a test endpoint is not acceptable.
• At least one test concentration must be higher, and one must be lower than a reported endpoint.
• A test with a reference toxicant must be available for a date that is within 30 days of the effluent test.
• Tests with a reference toxicant must be performed under the same experimental conditions as the effluent test.
These requirements for QA/QC are intended to ensure that valid and high-quality toxicity data will be generated by private testing laboratories for the mining EEM program.
Similarly, data could be rejected if one or more essential elements of a test method are not present (e.g., failure to meet criteria for health of organisms, inappropriate manipulations of the sample, failure to conduct the required monitoring during the test, or use of incorrect procedures for calculating the endpoint). It is recommended that laboratories be accredited if they are to be contracted for sublethal testing by the metal mining industry. Accreditation can be awarded by the Standards Council of Canada through the Canadian Association for Environmental Analytical Laboratories (CAEAL), by the Ministère de l'Environnement du Québec (MENVQ), or by an organization offering an equivalent level of accreditation. These organizations follow accreditation standards of the International Organization for Standardization (ISO). Such a level of quality assurance should be a prerequisite for selecting a testing laboratory (EC 2002) .
Checklists are available from Environment Canada that summarize minimum data requirements for reporting components of quality assurance and test methods. The checklists are intended to assist both staff at regulated facilities and government regulators, in assessments of test information. Checklists are also available for those tests that follow U.S. EPA procedures (i.e., silverside and Champia) in order to keep the data and reporting requirements consistent.
Effluent Sampling Location and Frequency of Testing
In choosing which effluent discharge(s) to test for sublethal toxicity, the mine should choose the point of greatest toxic release to the environ- ment. In determining this, the mine should consider historical chemical characterization or sublethal toxicity data. In cases where it is not clear which discharge source is most significant, mines may wish to use a single concentration sublethal toxicity test to determine the source with the greatest sublethal response. To estimate the potency of the response from each discharge source, the "time to response" is observed and calculated as the test endpoint (e.g., Ceriodaphnia adults are exposed to undiluted effluent samples from each different effluent discharge and observations are made on how long it takes to see a 25 or 50% response). The test endpoint would be an LT25 (time to 25% mortality) or LT50 (time to 50% mortality) if survival is the key observation. The single concentration test is a cost-effective approach for screening effluent sources to determine the site of greatest toxic release.
Effluent monitoring for sublethal toxicity will be an on-going monitoring requirement in the metal mining EEM program and will not operate on a fixed cycle as is the case for the pulp and paper EEM program. Six sets of data from a battery of sublethal toxicity tests will be required during an initial three-year monitoring period after which the frequency of testing will drop to once per year. If results from historical data are available that meet both the method and EEM quality assurance requirements and were produced after 1997, these data can be submitted to Environment Canada to meet (or partially meet) the sublethal toxicity requirement for the initial monitoring period.
Whether acceptable historical sublethal toxicity data or data from the Initial Monitoring phase are available, mines must calculate the expected geographic extent of the response in the exposed area and identify the zone where the concentration of effluent is comparable to the IC25 (i.e., effluent concentration where a 25% inhibition is observed in the exposed test organisms) result. This requires flow or dilution characteristics of the effluent and receiving water body for the appropriate month. The estimation of the potential geographic extent can be effectively reported in map form.
Following the initial monitoring period, adjustments to the on-going requirement for sublethal toxicity testing may be recommended after the completion of a national review of the entire EEM program. For the purpose of the national review, mines must complete a site-specific interpretation of the relationship between the sublethal toxicity testing results and the results of other components of the EEM program. It is proposed that the national review, once initiated, be completed within a two-year period.
Dilution Water Selection
During the metal mining EEM program, most sublethal toxicity tests will likely be performed using laboratory water as control/dilution. Advantages of using laboratory water include:
• maintenance of a consistent quality with minimal risk of contamination by undesirable and/or harmful chemicals or biota; • regular monitoring of water chemistry and culture health, as well as reference toxicant testing, ensure that the water is of acceptable quality for toxicity testing; and • no additional acclimation is required for testing effluents or chemicals, when laboratory water is used as the control/dilution water.
Laboratory water is normally used in regulatory testing across Canada since it provides a measure of the inherent toxicity of the effluents and allows comparison of effluent quality over time.
Toxicity, when detected in mining effluents tested, can often be attributed to inorganic substances such as metals and ammonia, whose potency is affected by site-specific characteristics such as pH, alkalinity and hardness. These characteristics can be reproduced with relatively little effort by adjustment of laboratory water and studies have shown that in effluent tests similar results can be achieved using adjusted laboratory water or unexposed surface water for dilution (BEAK 1998 (BEAK , 1999 . Adjusted laboratory water is preferred over unexposed surface water since large volumes of surface water must be collected and shipped to the laboratory and may contain indigenous micro-and macro-organisms which may impair the health of laboratory organisms. However, in spite of the advantages associated with adjusted laboratory water, it is impossible to simulate all the physical/chemical characteristics of site water. Therefore, if characteristics of site water other than hardness, alkalinity and pH are major influences on the expression of toxicity, it may be necessary to test using unexposed surface water in order to understand site-specific effects.
One important aspect of some site waters known to mitigate the effects of metal toxicity, by reducing metal bioavailability, is organic carbon. Ranges of dissolved organic carbon (DOC) have been measured as high as 58 mg/L in some Ontario lakes (Neary 1990; as cited in Welsh et al. 1993 ) and such waters may influence the expression of metal toxicity in effluent or effluent-exposed surface water matrices.
Details regarding the use of site-collected dilution water in toxicity testing are provided in the technical guidance document (EC 2002).
Collection, Shipment and Storage of Samples for Sublethal Toxicity Testing
Requirements are similar for the collection and shipment of site-collected dilution water, effluent or effluent-exposed surface water. It is important that sampling, shipping and storage containers are made of non-toxic material, preferably plastic containers made of polyethylene or polypropylene. Containers used for sampling must be rinsed with the waters which are to be tested and must be filled completely to eliminate any air space. Table 4 provides estimates of the volumes of effluent and dilution water required for performing a suite of mining EEM tests. All volumes are calculated assuming one control and five concentrations. Further assumptions include a 300-mL test volume and four replicates for fathead minnow tests, and a 150-mL test volume and four replicates for Lemna minor tests.
As necessary, gel packs or other means of refrigeration should be used to assure that sample temperature remains within 1 to 7°C during transit (Environment Canada 1992 a,c, 1998 . Samples must not freeze during transport. A recommended approach is to use plastic 10-L cubitainers for the sample, placed inside a cooler and chilled with crushed ice or large ice packs to keep samples cold during transport. The cooler should be sealed with strong packing tape and initialed in several places to ensure the integrity of the sample. It is preferable to ship the sample through a reliable courier that will deliver within 24 hours. A sample submission form/chain of custody must be filled out and included in all shipments.
Storage
Uncomposited samples should be stored, without headspace at 4°C for a maximum of three days prior to test initiation. Separate containers are used for different days of testing in the static-renewal tests, according to the most recent version of Environment Canada's test methods. Site-collected dilution water should be used as soon as possible (preferably within two weeks). Studies in 1999 showed that uncontaminated water may be held for at least four weeks at 4°C, without headspace, with no significant change in water quality or organism response (BEAK 1999) . However, these unexposed water samples were collected in early spring when background bacteria concentrations were probably low, and samples collected during summer months may have more bacterial contamination due to higher surface water temperatures.
Use of Toxicity Data for Interpreting Multiple Source Situations
Sublethal toxicology data can help to resolve confounded situations where toxic effluent is released from multiple point or non-point source locations to a common receiving environment (EC 2002) . The choice of where to use sublethal toxicity tests in this application is up to the mine operator and the nature of the confounding influences situation. However, the scenario where sublethal toxicity testing would be most relevant is the multiple point source discharge and/or non-point source input. No particular set of sublethal tests or frequency of monitoring are recommended for this use due to the site-specific nature of confounding influences.
Estimates of sublethal toxicity can help in understanding the relative contributions of diverse industrial or municipal discharges to effects on aquatic organisms in the receiving water, whether the discharges are from upstream point or non-point sources (e.g., acid rock drainage, seepage from an abandoned mine, municipal landfill leachate, etc.) or from a mine's property. The upstream contribution to an observed environmental effect can be estimated, given surface water sublethal toxicity data, discharge flow, and features of dispersion into the receiving environment. If plumes from different discharges at a mine site overlap, more effort is required to distinguish the toxic contributions of the mine's discharge sources versus upstream sources. Samples of surface water from key locations in the near-field exposure areas could be tested, to estimate the combined toxic contribution of the sources.
A three-step procedure for sorting out the contributions from different sources of sublethal toxicity to the near-field receiving environment is outlined below:
• Conduct a battery of sublethal toxicity tests on samples collected from all significant discharge sources from the mine's property. Use standard laboratory water for test dilutions and control or unexposed site water. This estimates the absolute sublethal toxicity of each mine site discharge. Repeat the sampling and testing on any discharge which is known to be variable in toxicity, to obtain an estimate of the degree of variability.
• Conduct a parallel battery of sublethal toxicity tests for each discharge to a river, using water collected directly upstream from the point of discharge for dilution and control. For lakes or estuaries, carry out the parallel battery of tests by collecting control/dilution water from outside the zone immediately affected by the discharges. Separate and simultaneous controls should be run using standard uncontaminated water as a quality assurance measure. It should be recognized that "upstream" sources of control/dilution water might already be contaminated by other effluent discharges or sources of toxicants. Accordingly, the upstream dilution water might contribute to significant effects on growth or reproduction, in concentrations of the effluents being studied, or even in control vessels. This would not invalidate the results since the purpose of the investigation is to evaluate the relative contributions of a mine's discharges to the total toxicity of the receiving water.
• Confirmation of the relative contribution of discharges is recommended and can be achieved by conducting sublethal toxicity tests on samples of surface water from the water body receiving the discharges (so-called "ambient" tests). This can aid in:
(a) confirming whether or not an effluent has a measurable toxicity after mixing into the receiving water; (b) estimating the persistence in the receiving water of toxicity from all contributing sources; and (c) determining the combined toxicity resulting from the mixing of all point and non-point sources, as an estimate of the overall effect on the receiving environment.
Testing samples of surface water that receive discharges or toxicants from multiple sources should be done synoptically and ideally during low-flow or worst-case periods. At a minimum, sampling should be carried out over as short a period of time as possible (e.g., 1 or 2 days). Repeated rounds of sampling and testing would be desirable if the toxicity of the discharges were variable. The above guidance on conductance of toxicity assessment studies to estimate the contribution of multiple-discharge sources to in-stream effects is based on the eight site investigations conducted under the U.S. EPA Complex Effluent Toxicity Testing Program (CETTP). Detailed reports on these studies were prepared by Norberg-King (1985, 1986) , Mount et al. (1984 Mount et al. ( , 1986a and Norberg-King and Mount (1986) . The results of the CETTP program, including independent critiques and re-analyses, were reviewed by Sprague (1997) during the AETE program. Sprague concluded that the U. S. EPA CETTP studies provided valid findings that should be considered by Canadian metal mining companies when designing aquatic environmental monitoring programs at their mine sites.
Mines may elect to conduct additional investigations using the most sensitive test species which showed a significant response for their effluent. However, the results of a single sublethal toxicity test should not necessarily trigger a full suite of sublethal toxicity tests in a focused monitoring effort. At a minimum, the most sensitive species can be used to estimate the geographic extent of the potential response. Alternatively, the results of the triggered toxicity test(s) may lead to other recommended laboratory-or field-focused monitoring tools.
In the EEM technical guidance document, a tiered approach to Focused Monitoring is recommended starting with: 1) retesting with the sublethal test which provided the most sensitive IC25 result using upstream or reference site water for test control and dilutions; or 2) receiving water toxicity testing with samples collected from the area where a sublethal response is predicted (EC 2002) .
If a mine wishes to investigate the cause of the sublethal toxicity response seen in their effluent, investigative procedures prepared by the U.S. Environmental Protection Agency are available to characterize and identify the toxic constituents of the effluent (U.S. EPA 1992). These procedures have been successfully used by a number of mines in Canada.
